Abstract
Introduction

31
Impulsivity is a complex concept encompassing multiple behavioural components. 32 humans. We employed hunger as our measure of current state and childhood socioeconomic 66 deprivation as our measure of developmental history. Childhood socioeconomic deprivation 67 was operationalized primarily in the form of neighbourhood deprivation assessed from 68 childhood postcodes, for which data exists publicly in the UK. This provides a broad and simple 69 summary measure of likely childhood experience of deprivation, incorporating information 70 concerning family income, employment, education, health-care access, crime, barriers to 71 housing, and living environment. This measure has previously been found to be significantly 72 associated with levels of impulsivity measured in adults, albeit using a different type of 73 impulsivity task to the delay discounting we focus on here (Paál, Carpenter, & Nettle, 2015) . 74 If both current hunger and childhood socioeconomic deprivation are related to adult 75 impulsivity, they might combine in several different ways (figure 1). Their effects might simply 76 be additive (figure 1a), as seen in Bateson and colleagues' (2015) starling findings. 77 Alternatively, we might find an interaction between the two predictors. For example, it could 78 be the case that in the absence of hunger we find a deprivation gradient in impulsivity, but 79 hunger over-rides other individual differences, making all individuals highly impulsive 80 regardless of developmental history (figure 1b.). The opposite of this would be finding that 81 there was no deprivation gradient in impulsivity when individuals were satiated, but that 98 In order to investigate whether hunger and childhood socioeconomic deprivation have 99 additive or interactive effects on impulsivity, we conducted three studies incorporating delay 100 discounting tasks. Two of these were laboratory studies in which hunger was experimentally 101 manipulated by having participants attend sessions in the morning after having eaten, or 102 having abstained, from breakfast. The third was a survey study which simply measured 103 variation in current hunger.
Overview of the studies
104
The first lab study ( were found to increase impulsivity in the EDT, with the latter having no effect on performance 115 when measured using a standard hypothetical delay discounting task. This suggests that the 116 EDT may be more sensitive to some current state changes than standard hypothetical 117 measures. In order to investigate this, the second lab study (study 2) had a similar design to 118 study 1, but used a more conventional hypothetical discounting task. The third study 119 consisted of a survey in which hunger was measured but not manipulated, again incorporating 120 a hypothetical discounting task. The aim of this study was to recruit a larger sample, with a 121 broader range of childhood socioeconomic deprivation, something that was somewhat 122 restricted in studies 1 and 2. differences of design, they all measure impulsivity (delay discounting), childhood 126 socioeconomic deprivation, and current hunger. Thus, the evidence from the three can be 127 combined to give greater inferential precision about our overarching question than from each 128 study alone. As well as the analyses of each individual dataset, we therefore also present 129 meta-analyses of the comparable measures from the three studies. 
Introduction
132
In study 1, we manipulated hunger by assigning volunteers to either breakfast as normal, or 133 to abstain from breakfast, on the day of the testing session. for such a three-way interaction (see Table 1 ). We did, however, find a main effect of delay 262 length, and a marginally non-significant interaction between condition and delay length (see 263   Table 1 and Figure 3 ). As Figure 3 shows, no breakfast participants had slightly lower 264 indifference points than breakfast participants when the delay was long, but not when there 265 was no delay. In order to investigate the near-significant interaction between condition and delay In place of the EDT of study 1, participants completed a pen and paper HMDT which 
Data Analysis
335
The dependent variable was the number of LLRs chosen. Hence, a higher number 336 indicates greater impulsivity. As in study 1, the main predictor variables were childhood 337 socioeconomic deprivation (IMD score) and experimental condition -breakfast or no 338 breakfast. We were unable to obtain IMD scores for 18 participants, for reasons discussed in 339 study 1. Data were analysed using linear models from the base package in R. 
Models predicting impulsivity
347
As in study 1 we first ran a model to see if current hunger was predicted by childhood 348 socioeconomic deprivation, finding that it was not, though it was significantly predicted by 349 the amount of time it had been since a participant had last eaten (Appendix, Four linear models were run using the outcome variable number of LLRs (table 5) In order to establish whether the data from our studies combined supported 443 interactive or additive effects of hunger and childhood socioeconomic deprivation on 444 impulsivity, we meta-analysed the findings from studies 1, 2, and 3. We only used continuous 445 variables which were available from all three of the studies (these were scaled). The outcome 
General Discussion
481
We have reported three separate studies aiming to establish whether current state (hunger) and 482 developmental history (childhood socioeconomic deprivation) have interactive or additive effects on 483 adult levels of impulsivity, measured via delay discounting tasks. 484
Studies 1 and 2, were both experimental studies in which hunger (current state) was manipulated, 485
and study 3 was a survey in which current hunger was simply measured. Studies 1 and 2 yielded 486 seemingly contradictory findings, with tentative evidence of an interactive effect shown in study 1 (for 487 the longest delay) but evidence of no effect of either hunger or childhood deprivation seen in study 2. 488
While these studies followed a similar procedure they differed in the discounting measure employed, 489 which may account for this discrepancy. Study 1 utilised an experiential task (EDT) in which 490 participants actually had to endure delays and also received the rewards, unlike in the hypothetical 491 task used in study 2. Previous research investigating other current states has also found this 492 discrepancy between delay discounting measured hypothetically and experientially (Reynolds et al., 493
2006), suggesting that hypothetical measures are perhaps not as sensitive to state induced changes 494 in discounting. In the meta-analysis we subsequently performed, the standardized parameter 495 estimates for hunger and childhood deprivation were similar for studies 1 and 2. However, their 496 precision was greater in study 1 (explaining the significant effects in that study). Thus, it may be that 497 the experiential measure is subject to less random variability and is thus more powerful for capturing 498 associations of other variables with impulsivity. It should also be noted that these two tasks also differ 499 in the delay lengths used, with the EDT delays ranging from 7-28 seconds, and the hypothetical task 500 having a fixed delay of 1 year; this large difference in range of delays may also contribute to the 501 seemingly inconsistent results seen. We did find an effect of both current state and developmental 502 history (though no interaction between the two) in study 3 which utilised the same hypothetical 503 measure as study 1 but had a much larger sample size.statistical power, with the aim of resolving the variation in findings seen across the studies individually. 506
The analyses conducted yielded evidence for the additive model shown in figure 1 (a) , and analogous 507 to the findings reported by Bateson and colleagues (2015) . Both hunger and childhood socioeconomic 508 deprivation predicted delay discounting: hungrier people and those who were more deprived showed 509 increased discounting of delayed rewards. However, there was no conclusive evidence for an 510 interactive effect of these two variables on delay discounting when combining the three studies. It 511 should be noted that while levels of heterogeneity across the three studies were extremely low for 512 the main effects of hunger and childhood socioeconomic deprivation, these were higher for the 513 interaction models which indicates that the pooled estimates shown are not reliable. Models E and F 514 in figure 8 had acceptable Cochrane's Q values, though this test has been found to be poor at detecting 515 heterogeneity when only a small number of studies are employed (Higgins et al., 2003) . I 2 has been 516 found to be a more robust measure of heterogeneity in these instances and indeed was found to be 517 high in both of the interaction models, but zero for the main effects. The heterogeneity for the 518 interaction effect may be driven by the differences between the experiential and hypothetical tasks, 519 with tentative evidence of an interaction only being found in the former. 520
Though the evidence from the meta-analysis strongly suggests support for the additive model the 521 authors would urge caution in completely ruling out the possibility of an interactive effect existing 522 between hunger and childhood socioeconomic deprivation. The EDT has not been as widely used in 523 the literature as traditional hypothetical measures, and indeed, our paper is the first to investigate 524 delay discounting using this task and manipulating the current state of hunger. Furthermore, study 1 525 was moderately sized, and also failed to recruit a large number of individuals with a high level of 526 childhood socioeconomic deprivation, something which is necessary in order to identify and clearly 527 interpret an interaction if one exists. We recommend that further investigation is needed into the 528 differences in response seen in these two types of tasks.
Finally, it has previously been hypothesised that individuals of lower socioeconomic status may 530 simply be hungrier than other individuals, which may underlie differences seen in impulsivity (Nettle, 531 2017). We tested for this across all three of our studies finding no evidence of an association between 532 current hunger and childhood socioeconomic statues when controlling for the amount of time since 533 people had last eaten. 534
To conclude, we found evidence across three studies for an additive effect of hunger and 535 childhood socioeconomic deprivation on adult levels of delay discounting, taken here as a measure of 536 impulsivity. It is important to understand factors which may be underpinning delay discounting, which 537 along with other measures of impulsivity has been linked to a number of behaviours that are 538 detrimental to the individual, and costly for society at large 
637
